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Priority date (day/month/year) 

29 October 1999 (29.10.99) 


Applicant 

MISTRY, Prahalad, Manibhai 
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FOR FURTHER ®®® Notification of Transmittal of International Search Report 
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AC ID ON 


International application No. 
PCT/GB 00/04083 


Intematlonal filing date (day/month/year) 

23/10/2000 


(Earliest) Priority Date (day/month/year) 

29/10/1999 


Applicant 

AVECIA LIMITED 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy Is being transmitted to the international Bureau. 

This InternationaJ Search Report consists of a total of 3 sheets. 

pr] It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the intematlonal search was carried out on the basis of the international application in the 
language In which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application fumished to this 
Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed In the International application, the International search 
was carried out on the basis of the sequence listing : 

I I contained In the international application in written form. 

filed together with the international application In computer readable form. 



□ 
□ 
□ 
□ 

□ 



furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
fumished 



2. 
3. 



I I Certain claims were found unsearchable (See Box i). 
I I Unity of invention is laclcing (see Box II). 



4. With regard to the title, 

I I the text is approved as submitted by the applicant. 
PC] the text has been established by this Authority to read as follows: 
DISAZODYESTUFFS FOR INK JET PRINTING 



5. With regard to the abstract, 

fX] the text is approved as submitted by the applicant. 

I j the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box 111. The applicant may, 
' — ' within one month from the date of mailing of this intematlonal search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 



I I as suggested by the applicant. []]] None of the figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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A. CLASSIFICATION OF SUBJECT MATTER 
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According to International Patent Classification (IPC) or to both national classification and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the intemational search (name of data base and. where practical, search terms used) 
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& DATABASE UP I 

Week 0057 
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AN 2000-601817*57! 

"New disazodye for use in ink-jet 
recording inks" 

& JP 2000 309721 A (MITSUBISHI CHEM. 
CORP.), 7 November 2000 (2000-11-07) 
abstract 

-/-- 
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1.10,11, 
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Further documents are listed in the continuation of box C. 
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* Special categories of cited documents : 
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'E* earlier document but published on or after the intemational 

filing dale 

■L' document which may throw doubts on priority clalm(s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O' document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the intemational filing date but 
later than the priority date claimed 



'T' later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the clalnned invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'Y' document of particular relevance; the clalnned invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
SMC60396/WO 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Fomi PCT/IPEA/416) 


International application No. 
PCT/GBOO/04083 


International filing date (day/month/year) 
23/10/2000 


Priority date (day/month/year) 
29/10/1999 


International Patent Classification (IPC) or national classification and IPC 
C09B31/02 


Applicant 






AVECIA LIMITED 







1. This international preliminary examination report has been prepared by this Intemational Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 
1 S Basis of the report 



II 


□ 


Priority 


III 


□ 


Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 


□ 


Lack of unity of invention 


V 




Reasoned statement under Article 35(2) with regard to novelty, Inventive step or industrial applicability; 
citations and explanations suporting such statement 


VI 


□ 


Certain documents cited 


VII 


□ 


Certain defects in the international application 


VIII 


□ 


Certain observations on the international application 



Date of submission of the demand 
22/05/2001 


Date of completion of this report 
18.03.2002 


Name and mailing address of the intemational 
preliminary examining authority: 

^ European Patent Office - P.B. 5818 Patentlaan 2 
/mj NL-2280 HV Rijswijk - Pays Bas 

Tel. +31 70 340 - 2040 Tx: 31 651 epo nl 
Fax: +31 70 340-3016 


Authorized officer ..^ssr^ 
Ketterer, M (f M )) 

Telephone No. +31 70 340 3645 \.fi«jSE=^ 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/G BOO/04083 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70, 16 and 70, 17)): 
Description, pages: 

1 -20 as originally filed 

Claims, No.: 

1-18 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenn^ise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule - 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the International application as filed has been furnished. 

□ The statement that the information recorded In computer readable form is Identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 
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{Any replacement sheet containing suet) amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 6-8,12,15 

No: Claims 1-5,9-11,13,14.16-18 

Inventive step (IS) Yes: Claims 6-8,12,15 

No: Claims 1-5,9-11.13,14,16-18 

Industrial applicability (lA) Yes: Claims 1 -1 8 

No: Claims 



2. Citations and explanations 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 2) (July 1998) 
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V. Reference is made to the following documents: 

D1: EP -A- 0 611 811 
D2: WO -A- 00/50515 
& D2a: DenA^ent abstract 2000-601 81 7[57]; english abstract of JP-A-2000 309721 
D3: EP -A- 0 859 033 

V.I . The application does not fulfill the requirements of Article 33(1) PCT, because 
claims 1-5, 9-11,13,14 and 16-18 are not new in the sense of Article 33(2) PCT. 

V.1.1. The compounds represented on page 6 (formula 11-2) and on page 13 (formula 
(F) [which is novelty destroying for current claim 9]) as well as parts of the markush 
formula (II) on page 4 of D1 are novelty destroying for claims 1-5, 9-1 1 ,13,14 and 16- 
18. The dyes are also used in ink-jet-recording technique. 

V.I .2. Regarding example 5 of the current application (see page 10), it seems, that also 
compounds bearing more than two substituents on the left phenyl ring fall under the 
scope of claim 1 . Therefore, also the dyestuffs of the examples 6, 7 and 1 0 on page 8 
of D2 are novelty destroying for claims 1,10,1 1,13,14,16-18. The dyestuffs are also 
used in ink-jet-recording (see english abstract D2a). 

V.2. Claims 6-8,12,15 seem to fullfil the requirements of Article 33(1) PCT. 
V.2.1. 

D1 does not disclose hydroxyl groups for the relevant formulas as a substituent at the 

middle phenyl moiety. Claims 6 and 12 are therefore inventive over D1 . 

D1 does not disclose substituents as defined in current claims 7 and 8 for the relevant 

substituents R3 and R4. Claims 7 and 8 are therefore inventive over D1 . 

D1 is silent concerning the content of divalent or trivalent metal ions in total, therefore 

claim 15 is inventive over D1 . 

V.2.2. 

Claims 2,3 and 4 are inventive over D2, because NH-Z does not propose NH2 in case 
of q (see D2) resp. n (see current application) is zero. 

Acyl is not proposed in D2 as a substituent at the amino group of the left phenyl ring. 
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Claim 5 is therefore inventive over D2. 

D2 does not disclose hydroxy! groups for the relevant formulas as a substituent at the 

middle phenyl moiety. Claims 6 and 12 are therefore inventive over D2. 

D2 does not disclose substituents as defined in current claims 7 and 8 for the relevant 

substituents R3 and R4. Claims 7 and 8 are therefore inventive over D2. 

D2 is silent concerning the content of divalent or trivalent metal ions in total, therefore 

claim 15 is inventive over D2. 

V.2.3. . 

Examples 1-3 (page 10) of D3 disclose dyestuffs for Inkjet printing with S03H groups 
at the left phenyl ring; an ahriino group is missing. 

Furthermore, D3 does not propose the presence of a S03H group and an amino group 
at the same time at the left phenyl ring, as it is critical for the claimed dyes. 
V.3. . 

Claims 6-8,12 and 15 are therefore inventive over documents D1-D3. 

"/ 

V.4. The four priority documents stated by the applicant do only give support for 
compounds of formula (1)^ which bear an unsubstituted amino group in 7-position of the 
naphthol moiety. 

D2 as well as D2a are published after the alleged priority date of the current 
application. 

D2: 25-02-2000 (published); 25-02-1999; 24-12-1999 (priority dates) 

V.5. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1-D3 is not mentioned in the description, nor are these 
documents identified therein. 
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A — N=N 



(1) 



(57) Abstract: A compound of Formula (I) 
and salts thereof, wherein: A is a substituted 
phenyl group carrying a group of the formula 
-NR^R'* and an ortho group selected from 
sulpho, phosphonato and phosphinato; n is 
0 or 1; L* and \J are each independently 
H, optionally substituted alkyl, optionally 
substituted cycloalkyl or optionally 
substituted aryl, or L* and L- together with 
the N atom to which they are attached form 
an optionally substituted 5- or 6- membered ring; R' and R^ are each independently optionally substituted alkyl or optionally 
substituted alkoxy; and R^ and R^ are each independently H, optionally substituted alkyl, optionally substituted cycloalkyl or 
optionally substituted aiyl, or R^ and R** together with the nitrogen atom to which they are attached form an optionally substituted 
5- or 6- membered ring; or is H, optionally substituted alkyl, optionally substituted cycloalkyl or optionally substituted aryl and 
R^ is an acyl group. The use of these compounds in inks and the use of inks comprising these compounds in ink jet printing. 



wo 01/30917 



• 



PCT/GBOO/04083 



1 



DISAZODYESTUFFS FOR INK JET PRINTING 



COMPOUNDS 



This invention relates to dyes, to inks and to their use in ink jet printing ("UP"). UP 
is a non-impact printing technique in which droplets of ink are ejected through a fine 
nozzle onto a substrate without bringing the nozzle into contact with the substrate. 

There are many demanding performance requirements for dyes and inks used in 
5 UP. For example they desirably provide sharp, non-feathered images having good water- 
fastness, light-fastness and optical density. The inks are often required to dry quickly 
when applied to a substrate to prevent smudging, but they should not form a crust over 
the tip of an ink jet nozzle because this will stop the printer from working. The inks should 
also be stable to storage over time without decomposing or forming a precipitate which 
1 0 could block the fine nozzle. 

According to the present invention there is provided a compound of Formula (1) 
and salts thereof: 




15 



Formula (1) 



wherein: 



A is a substituted phenyl group carrying a group of the formula -NR^R^ and an 
ortho group selected from sulpho, phosphonato and phosphinato; 



n is 0 or 1; 



20 



and are each independently H, optionally substituted alkyi, optionally 
substituted cycloalkyl or optionally substituted aryl, or and together with the N 
atom to which they are attached form an optionally substituted 5- or 6- membered 
ring; 



25 



and R^ are each independently optionally substituted alkyi or optionally 
substituted alkoxy; and 



R^ and R"* are each independently H, optionally substituted alkyI, optionally 
substituted cycloalkyl or optionally substituted aryl, or R^ and R^ together with the 
nitrogen atom to which they are attached form an optionally substituted 5- or 6- 
membered ring; or 



30 



R^ is H, optionally substituted atkyi, optionally substituted cycloalkyl or optionally 
substituted aryl and R^ is an acyl group. 
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In a first preferred embodim nt n is 0; and are H; and and are each 
independently H. optionally substituted alkyi, optionally substituted cycloalkyi or optionally 
substituted aryl, or and R"* together with the N atom to which they are attached form an 
optionally substituted 5- or 6-membered ring. 
5 In a second preferred embodiment n is 1; and are H; and R^ and R^ are each 

independently H. optionally substituted alkyi, optionally substituted cycloalkyi or optionally 
substituted aryl, or R^ and R"* together with the N atom to which they are attached form an 
optionally substituted 5- or 6-membered ring. 

In a third prefenred embodiment n is 0; and are H; R^ is H, optionally 
10 substituted alkyI, optionally substituted cycloalkyi or optionally substituted aryl; and R^ is 
an acyl group. 

In a fourth preferred embodiment n is 1; U and are H; R^ is H, optionally 
substituted alkyI, optionally substituted cycloalkyi or optionally substituted aryl; and R^ is 
an acyl group. 

15 Preferred acyl groups represented by R"* are of the formula -COR^, -SOR^ or - 

S02R^ wherein. R^ is H, optionally substituted alkyI, optionally substituted cycloalkyi or 
optionally substituted aryl. It is especially preferred that R^ is of the formula CH3(CH2)aCO- 
wherein a has a value from 0 to 3. 

The optional substituents which may be present on L\ . R1. R^, R^. R^ and R® 

20 are preferably selected from -NHj; halo, especially CI, Br and F; ester, especially -COj-Ci. 
4-alkyl; -O-C^^-alkyl; -CO2H; -SO3H; -OR^ or -SR®; wherein each R® independently is H or 
Ci^-alkyL 

Preferably at least one of R^ and R^. or more preferably both R^ and R^, carries an 
-OH group. 

25 When L\ L^. R\ R^ R^, R'* and R^ is an optionally substituted alkyI group it is 

preferably an optionally substituted Ci^-alkyl group, more preferably a Ci^-alkyl group or 
a Ct^-alkyl-OH group. 

When R^ or R^ is an optionally substituted alkoxy group it is preferably an 
optionally substituted C,^ -alkoxy group, more preferably a Ci^-alkoxy or a Ci^-alkoxy-OH 

30 group. 

R^ and R^ are preferably each independently optionally substituted C^^-alkyl or 
optionally substituted Ci^-alkoxy, provided that at least one of R^ and R^ carries an -OH 
group, more preferably optionally substituted Ci^-alkoxy, especially Ci^-alkoxy-OH. 

In one embodiment one of R^ and R^ is -OCi^-alkyl-OH and the other is -OCi^- 
35 alkyI or -OC,^-alkyl-OH. 

When L\ L^, R^. R"* or R^ is optionally substituted aryl it is preferably optionally 
substituted phenyl, more preferably phenyl or phenyl carrying a carboxy and/or sulpho 
group. When R^ and R* or and together with the nitrogen atom to which they are 
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attached form an optionally substituted 5- or 6- membered ring such ring is preferably an 
optionally substituted morpholino or piperidino ring 
Preferably the ortho group on A is sulpho. 

Based on the above preferences it is preferred that and are each 
5 independently selected from optionally substituted Ci^-alkyl and optionally substituted 
phenyl, or R^ and R* together with the nitrogen atom to which they are attached form an 
optionally substituted 5- or 6- membered ring. It is especially preferred that R^ and R^ are 
each independently selected from Ci^-alkyl, C^^-alkyl-OH, phenyl and phenyl carrying a 
carboxy and/or sulpho group, or R^ and R^ together with the nitrogen to which they are 
1 0 attached form an optionally substituted morpholino or piperidino ring. 

It Is also preferred that when R^ is acyl that R^ is preferably selected from 
optionally substituted C^^-alkyl and optionally substituted phenyl. It is especially preferred 
that when R* is acyl that R^ is selected from C^^-alkyl, C^^-alkyl-OH, phenyl and phenyl 
carrying a carboxy and/or sulpho group. 
15 It is especially preferred that the group of formula -NR^R"* is in the para position 

with respect to the azo linkage because this gives particulariy good optical density. 

The dyes of Formulae (1) may be prepared by diazotising a compound of the 
Formula (2) to give a diazonium salt and coupling the resultant diazonium salt with a 1- 
hydroxy-3-sulphonaphthalene 1-hydroxy-3,6-disulphonaphthalene, in each case carrying 
20 an NL^L^ substituent at the 7-position: 




Formula (2) 



25 wherein A, L\ L^, R^ and R^ are as hereinbefore defined. 

The hydroxy group(s) on R^ and/or R^ may be protected during the diazotisation, 
for example using an acid labile or base labile protecting group. The acetoxy protecting 
group is particularly convenient and inexpensive. 

The diazotisation is preferably performed at room temperature or below. 
30 Preferably the diazotisation is performed in water, preferably at a pH below 7. Dilute 
mineral acid, e.g. HCI or H2SO4, may be used to achieve the desired acidic conditions. 

The compound of Formula (2) may be prepared by diazotising a compound of 
formula A-NH2 and coupling onto an aniline compound carrying R^ and R^ groups at the 2- 
and 5- positions respectively, wherein A, R^ and R^ are as hereinbefore defined. 
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Preferred salts are alkali metal salts (especially lithium, sodium and potassium 
salts), ammonium and substituted ammonium salts and mixtures thereof. Especially 
preferred salts are sodium, potassium and lithium salts, salts with ammonia and volatile 
amines and mixtures thereof. The lithium salts have good solubility, forming particularly 
5 storage stable inks with low tendency to block Inkjet nozzles. 

The dyes may be converted into a desired salt using known techniques. For 
example, an alkali metal salt of a dye may be converted into the ammonium or substituted 
ammonia salt by dissolving an alkali metal salt of the dye in water, acidifying with a 
mineral acid and adjusting the pH of the solution to pH 9 to 9.5 with ammonia or the 
10 amine and removing the alkali metal cations by dialysis or by use of an ion exchange 
resin. 

Examples of amines which may be used to form such salts include methylamine, 
dimethylamine, trimethylamine, ethylamine, n-propylamine, iso-propyiamine, n- 
butylamine, iso-butylamine, sec-butylamine, tert-butylamine, piperidine, pyridine, 
15 morpholine. allylamine, diethylamine. triethylamine and mixtures thereof. It is not 
essential that the dyes are completely in the form of the ammonium salt or substituted 
ammonium salt and mixed alkali metal and either ammonium salt or substituted 
ammonium salt are effective, especially those in which at least 50% of the cations are 
ammonium or substituted ammonium ions. 
20 Still further salts are those with the counter ions described in US 5,830,265, claim 

1 , integer (b), which are included herein by reference thereto. 

The dyes of Formula (1) may exist in tautomeric forms other than those shown in 
this specification. These tautomers are included within the scope of the present claims. 

According to a second aspect of the present invention there is provided an ink 
25 comprising a compound of Formula (1) or salt thereof and a liquid medium or a low 
melting point solid medium. 

A preferred ink comprises: 

(a) from 0.01 to 30 parts of a compound of the Formula (1 ) or salt thereof; and 

(b) from 70 to 99.99 parts of a liquid medium or a low melting point solid medium; 
30 wherein all parts are by weight and the number of parts of (a)+(b)=100. 

The number of parts of component (a) is preferably from 0.1 to 20, more preferably 
from 0.5 to 15, and especially from 1 to 5 parts. The number of parts of component (b) is 
preferably from 99.9 to 80, more preferably from 99.5 to 85, especially from 99 to 95 parts. 

When the medium is a liquid, preferably component (a) is completely dissolved in 
35 component (b). Preferably component (a) has a solubility in component (b) at ZO'^C of at 
least 10%, This allows the preparation of liquid dye concentrates which may be used to 
prepare inks and reduces the chance of the dye precipitating if evaporation of the liquid 
medium occurs during storage. 
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Preferred liquid media include water, a mixture of water and an organic solvent 
and an organic solvent free from water. 

When the liquid medium comprises a mixture of water and an organic solvent, the 
weight ratio of water to organic solvent is preferably from 99:1 to 1:99, more preferably from 
5 99:1 to 50:50 and especially from 95:5 to 80:20. 

It is preferred that the organic solvent present in the mixture of water and organic 
solvent is a water-miscible organic solvent or a mixture of such solvents. Preferred water- 
misdble organic solvents include Ct^-alkanols, preferably methanol, ethanol. n-propanol. 
isopropanol, n-butanol, sec-butanol, tert-butanol, n-pentanol, cyclopentanot and 

10 cyclohexanol; linear amides, preferably dimethylformamide or dimethylacetamide; ketones 
and ketone-alcohols, preferably acetone, methyl ether ketone, cyclohexanone and 
diacetone alcohol; water-miscible ethers, preferably tetrahydrofuran and dioxane; diots, 
preferably diols having from 2 to 12 carbon atoms, for example pentane-1,5<liol, ethylene 
glycol, propylene glycol, butylene glycol, pentylene glycol, hexylene glycol and thiodiglycol 

15 and oligo- and poly-alkyleneglycols, preferably diethylene glycol, triethylene glycol, 
polyethylene glycol and polypropylene glycol; triols, preferably glycerol and 
1,2,6-hexanetriol; mono-C^^-alkyl ethers of diols, preferably mono-Ci^-alkyl ethers of diols 
having 2 to 12 carbon atoms, especially 2-methoxyethanol, 2-(2-methoxyethoxy)ethanol. 
2-(2-ethoxyethoxy)-ethanol, 2-[2-(2-methoxyethoxy)ethoxy]ethanol, 2-[2-(2-ethoxyethoxy)- 

20 ethoxy]-ethanol and ethyleneglycol monoallylether; cyclic amides, preferably 2-pyrrolidone, 
N-methyl-2-pyrrolidone, N-ethyl-2-pyrrolidone, caprolactam and 1 ,3-dimethylimidazolidone; 
cyclic esters, preferably caprolactone; sulphoxides, preferably dimethyl sulphoxide and 
sulpholane. Preferably the liquid medium comprises water and 2 or more, especially from 2 
to 8, water-soluble organic solvents. 

25 Especially prefen^ed water-soluble organic solvents are cyclic amides, especially 2- 

pyrrolidone, N-methyl-pyrrolidone and N-ethyl-pyrrolidone; diols. especially 1,5-pentane diol. 
ethyleneglycol, thiodiglycol, diethyleneglycol and triethyleneglycol; and mono- C^^-alkyl and 
Ci^-alkyl ethers of diols, more preferably mono- C^^-alkyl ethers of diols having 2 to 12 
carbon atoms, especially 2-methoxy-2-ethoxy-2-ethoxyethanol. 

30 Examples of further suitable ink media comprising a mixture of water and one or 

more organic solvents are described in US 4,963,189, US 4,703,1 13, US 4,626,284 and EP 
4.251, 50A. 

When the liquid medium comprises an organic solvent free from water, (i.e. less 
than 1% water by weight) the solvent preferably has a boiling point of from 30° to 200°C, 
35 more preferably of from 40° to 150°C, especially from 50 to 125°C. The organic solvent 
may be water-immiscible, water-miscible or a mixture of such solvents. Preferred water- 
miscible organic solvents are any of the hereinbefore described water-miscible organic 
solvents and mixtures thereof. Preferred water-immiscible solvents include, for example, 
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aliphatic hydrocarbons; esters, preferably ethyl acetate; chlorinated hydrocarbons, 
preferably CHsClz; and ethers, preferably diethyl ether; and mixtures thereof. 

When the liquid medium comprises a water-immiscible organic solvent, preferably 
a polar solvent is included because this enhances solubility of the dye in the liquid 
5 medium. Examples of polar solvents include Ci^-alcohols. In view of the foregoing 
preferences it is especially preferred that where the liquid medium is an organic solvent 
free from water it comprises a ketone (especially methyl ethyl ketone) &/or an alcohol 
(especially a Ci^-alkanol, more especially ethanol or propanol). 

The organic solvent free from water may be a single organic solvent or a mixture 
10 of two or more organic solvents. It is preferred that when the medium is an organic 
solvent free from water it is a mixture of 2 to 5 different organic solvents. This allows a 
medium to be selected which gives good control over the drying characteristics and 
storage stability of the ink. 

Ink media comprising an organic solvent free from water are particularly useful 
15 where fast drying times are required and particularly when printing onto hydrophobic and 
non-absorbent substrates, for example plastics, metal and glass. 

Preferred low melting solid media have a melting point in the range from 60**C to 
125°C. Suitable low melting point solids include long chain fatty acids or alcohols, 
preferably those with C,s-24 chains, and sulphonamides. The dye of Formula (1) may be 
20 dissolved in the low melting point solid or may be finely dispersed in it. 

The dyes of the invention may be used as the sole colorant in inks because of 
their attractive black shade. They benefit from particulariy good light fastness and good 
optical density. However, if desired, one may combine the dyes with one or more further 
colorants if a slightly different shade is required for a particular end use. The further 
25 colorants are preferably dyes. When further colorants are included in the ink these are 
preferably selected from black, cyan and yellow colorants and combinations thereof. 

Preferred black colorants include C.I. Food Black 2, C.I. Direct Black 19, 
C.I. Reactive Black 31, Pro-Jet*^^ Fast Black 2, C.I. Direct Black 195; C.I. Direct Black 168; 
and black dyes described in patents by Lexmark (e.g. EP 0 539,178 A2, Example 1, 2, 3, 
30 4 and 5), Orient Chemicals (e.g. EP 0 347 803 A2, pages 5-6, azo dyes 3, 4, 5. 6, 7, 8, 
12, 13, 14, 15 and 16) and Seiko Epson Corporation. 

Preferred cyan colorants include C.I. Direct Blue 199; C.I.Acid Blue 9; C.I.Direct 
Blue 307; C.I.Reactive Blue 71; and C.I.Direct Blue 85. 

Preferred yellow colorants include C.I.Direct Yellow 142; C.I.Direct Yellow 132; 
35 C.I.Direct Yellow 86; C.I.Direct Yellow 85; C.I.Direct Yellow 173; and C.I.Acid Yellow 23. 

However, as mentioned above, it is not normally necessary to use further 
colorants in conjunction with dyes of the present invention. 
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The ink may also contain additional components conventionally used in ink jet 
printing inks, for example viscosity and surface tension modifiers, corrosion inhibitors, 
biocides, kogation reducing additives and surfactants which may be ionic or non-ionic. 

A further aspect of the invention provides a process for forming an image on a 
5 substrate comprising applying an ink containing a dye of Formula (1) to the substrate by 
means of an ink jet printer. 

The ink used in this process is preferably as defined in the second aspect of the 
present invention. 

Preferably the ink contains less than SOOppm, more preferably less than lOOppm, 

10 especially less than 30ppm and more especially less than 20ppm in total of divalent and 
trivalent metal ions (other than metal ions bound to a dye component). The halide content 
is preferably less than SOOppm, more preferably less than 250ppm. The term 'ppm' means 
parts per million by weight based on the total weight of ink. The metal ion and halide 
content may be adjusted to the desired range using any suitable technique, e.g. 

15 ultrafiltration, reverse osmosis, ion exchange or a combination thereof. 

The ink may be used, as is, for ink jet printers or alternatively it may be used as a 
concentrate which is diluted and/or further fomnulated to give an ink jet printing ink. The 
concentrates are a useful form for transportation, avoiding the expense of transporting the 
water contained in finally formulated inks. 

20 The ink jet printer preferably applies the ink to the substrate in the form of droplets 

which are ejected through a small orifice onto the substrate. Preferred ink jet printers are 
piezoelectric ink jet printers and thermal ink jet printers. In thermal ink jet printers, 
programmed pulses of heat are applied to the ink in a reservoir by means of a resistor 
adjacent to the orifice, thereby causing the ink to be ejected in the form of small droplets 

25 directed towards the substrate during relative movement between the substrate and the 
orifice. In piezoelectric ink jet printers the oscillation of a small crystal causes ejection of the 
ink from the orifice. 

The substrate is preferably paper, plastic, a textile, metal or glass, more preferably 
paper, an overhead projector slide or a textile material, especially paper. 
30 Preferred papers are plain or treated papers which may have an acid, alkaline or 

neutral character. 

Preferred paper are plain or treated papers which may have an acid, alkaline or 
neutral character. Examples of commercially available treated papers include HP 
Premium Coated Paper (available from Hewlett Packard Inc), HP Photopaper (available 
35 from Hewlett Packard Inc). Stylus Pro 720 dpi Coated Paper, Epson Photo Quality Glossy 
Film (available from Seiko Epson Corp.). Epson Photo Quality Glossy Paper (available 
from Seiko Epson Corp.). Canon HR 101 High Resolution Paper (available from Canon). 
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Canon GP 201 and GP 301 Glossy Paper (available from Canon), and Canon HG 101 
and HG201 High Gloss Film (available from Canon). 

A further aspect of the present invention provides a paper, an overhead projector 
slide or a textile material printed with an ink, a dye or by means of a process as 
5 hereinbefore defined. 

A still further aspect of the present invention provides an ink jet printer cartridge, 
optionally refillable, comprising a chamber and an ink, wherein the ink is present in the 
chamber and the ink is as defined in the second aspect of the present invention. 

The following Examples illustrate how dyes according to the invention may be 
10 synthesised. 

Example 1 
Preoaration of: 



15 




Stepi 

4-aminoacetanilide-3-sulphonic acid (17.7g) was dissolved in water (300ml) and 
the pH was adjusted to 11-12 using lithium hydroxide (2M). The solution was carbon- 
20 screened and sodium nitrite (4,55g) added to the filtrate. The solution was then added to 
a mixture of ice and water to which had been added hydrochloric acid (20ml) and the 
mixture was stirred for 2hrs at 0-1 0°C. Excess nitrous acid was destroyed by the addition 
of sulphamic acid. 

25 Step 2 

2,5-bis(2-Acetoxyethoxy)aniline (17.82g) was dissolved in acetone (200ml). 
Step 3 - Couplino 

The product from step 2 was added to the product of step 1. Pyridine (5ml) was 
30 then added and the mixture allowed to self warm before stirring for a further 16hrs at 
room temperature. The product was then filtered off and washed with lithium chloride 
solution (500ml, 10%). The product was, filtered-off, pulled dry on the filter and used 
without further purification. 
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Step 4 

Preparation of the Title Product 

The product of step 3 was dissolved in water (500ml) by adjusting the pH to 8-9 
using lithium hydroxide. The solution was screened and sodium nitrite (8.28g) added to 
5 the filtrate. The mixture was then added to a stirred solution of hydrochloric acid (20ml) In 
water (100ml) and stirred for 1.5hrs at room temperature before destroying excess nitrous 
acid using sulphamic acid. 

Gamma acid (16.2g) was dissolved in water (300ml) by adjusting the pH to 10 using 
lithium hydroxide solution (2M). The solution was stirred at 0-1 OX and the diazonium salt 
10 solution added slowly maintaining the pH at 10-10.5 throughout the addition. On 
completion of the addition the mixture was further stirred for Ihr at 0-1 OX. Lithium 
chloride (30% w/v) was then added slowly and the product isolated (hot) by filtration and 
washed with lithium chloride solution (21, 30%). The damp cake was slurried in acetone 
(II) using a high shear mixer, filtered and washed with acetone (II). 

15 

Example 2 
Preparation of: 




The product from Example 1 was dissolved in water (II) and lithium hydroxide 
(80g) added. The solution was heated to 70-75°C until thin layer chromatography showed 
the hydrolysis to be complete (approx. 3hrs). The pH was adjusted to 8 and the solution 
cooled to 50X. Lithium chloride (15% w/v) was then added slowly and the product 
25 isolated (hot) by filtration and washed with lithium chloride solution (II, 20%). The 
resultant product was dissolved in water (400ml) and purified by dialysis. Evaporation of 
the water at 70X gave 19.38g of the title product having a lambda max at 595nm. 



30 



Example 3 
Preparation of: 
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The method of Example 1 was repeated except that in step 4, 2R-Acid (22.26g) was used 
in place of Gamma add. 

5 

Example 4 
Preparation of: 




10 

The product from Example 3 was dissolved in water (11) and lithium hydroxide 
(80g) added. The solution was heated to 70-75'*C until thin layer chromotography showed 
the hydrolysis to be complete (approx. 3hrs). The pH was adjusted to 8 and the solution 
cooled to 50°C. Lithium chloride (20% w/v) was then added slowly and the product 
15 isolated (hot) by filtration and washed with lithium chloride solution (II, 25%). The 
resultant product was dissolved in water (400mt) and purified by dialysis. Evaporation of 
the water at 70°C gave 1 1 .87g of the title product having a lambda maximum of 604nm. 

Example 5 : 
20 Preparation of: 




OH 



25 
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Step 1 

4-acetylaminoaniiine-2,5-disulphonic acid (64.08g) was dissolved In water (400ml) 
and the pH adjusted to 8-9 using lithium hydroxide (2M). Sodium nitrite (9,1g) was added 
and the solution added to a mixture of ice and water to which had been added 
5 hydrochloric acid (40ml) and the mixture stirred at 0-1 0*^0 for Ihr. Excess nitrous acid 
was destroyed by the addition of sulphamic acid. 

Step 2 

2,5-bis-(2-acetoxyethoxy)aniline (35.64g) was dissolved in acetone (300m[). 

10 

Step 3 

The product of step 2 was added to the product of step 1 and the mixture allowed 
to self warm before stirring for a further 16hrs at room temperature. The solution was 
adjusted to pH 7 by the addition of lithium hydroxide. Lithium chloride (25% w/v) was 
15 then slowly added causing the temperature to rise to 60-65°C. After allowing to self cool 
to 30°C the precipitated product was filtered off and washed with lithium chloride ( 1 litre, 
30% w/v) before drying in an oven at SO^'C. The product was used in step iv) without 
further purification. 

20 Step 4 

The product of step 3(53. 1g) was dissolved in water (300ml) by adjusting the pH of 
the solution to 9 with lithium hydroxide (2M). Sodium nitrite (6.9g) was added and the 
solution added to a mixture of water (50ml) and hydrochloric acid (20ml). After stirring at 
room temperature for 1hr excess nitrous acid was destroyed by the addition of sulphamic 
25 acid. 

Gamma acid (13.5g) was dissolved in water (300ml). the pH adjusted to 10-10.5 
with lithium hydroxide (2M) and then cooled to O-IO^'C. The diazonium salt solution was 
slowly added maintaining the pH at 10-10.5 by addition of lithium hydroxide (2M) and then 
further stirred for Ihr. The solution was heated to 40°C and lithium chloride (160g) 

30 slowly added during which time the temperature rose to 70°C. The precipitated product 
was filtered off at TQ'^C and washed with lithium chloride solution (25% w/v, 1 litre) before 
pulling dry on the filter. The damp cake was stirred in water (1 litre) and lithium hydroxide 
(40g) added. After heating to 70°C for 2hrs the solution was cooled to 50°C adjusted to 
pH 7 with hydrochloric acid. Lithium chloride (200g) was slowly added causing the 

35 temperature to rise to ---70''C. The precipitated product was filtered off at 70-80°C and 
washed with lithium chloride (1 litre, 25%w/v), The damp filter cake was dissolved in water 
(500ml) adjusting to pH 9-10 with lithium hydroxide before dialysing to low conductivity. 
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Evaporation of the water gave 22g of the title product having a lannbda maximum of 
597nm and extinction coefficient of 49,000. 



Example 6 
Preparation of: 



SO3H 




10 



Step 1 

Preparation of : 



OCjH^OCOCHj 
OjN — ^ NHCOCH3 
CH3COOH4C2O 

2.5-bis-(2acetoxyethoxy)aniline (297g) was dissolved in acetic acid (500ml) at 40- 
15 50''C. Acetic anhydride (150ml) was then slowly added and the temperature raised to 

BO^'C for Ihr. After cooling to room temperature nitric acid (70ml) was added over Ihr. 

During the course of the addition further acetic acid (llitre) was added to facilitate stirring. 

On completion of the addition the reaction mixture was stirred overnight and the product 

isolated by drown-out into water (3litre). After washing well with water (Slitres) the 
20 product was recrystallised from 74 OP ethanol and dried to give the title product (34 1g. 

89% yield). 



25 



Step 2 

Preparation of: 



OC2H4OCOCH3 



CHjCOOH^CjO 



NH, 



The product from step 1 was stirred and heated to 65*^0 in a mixture of sodium 
hydroxide solution (II, 2M) and 74 OP ethanol (800ml) for 2hrs. The hot solution was 
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neutralised by the addition of hydrochloric acid, allowed to cool to room temperature and 
the product isolated by filtration before drying at 60''C. to give 118g of product. 

Step 3 
5 Preparation of : 




HO3S 



The product from step 2 {25.8g) was added to a mixture of water (400ml) and 
10 hydrochloric acid (30ml) and cooled to 0-1 0°C. Sodium nitrite (7.59g) was slowly added 
and the solution further stirred for Ihr before destroying excess nitrous acid by the 
addition of sulphamic acid. A solution of sodium N,N-diethylmetanilate (30g) in water 
(200ml) was added to the diazonium salt solution and the pH adjusted to 4-5 by careful 
addition of sodium hydroxide (2M). After stirring for 2hrs the pH was raised to 7 before 
15 stirring overnight at room temperature. The resulting suspension was adjusted to pH 1 
with hydrochloric acid and the product isolated by filtration and washed with brine 
(20%w/v. 500ml). 

The crude product was dissolved in a mixture of water (800ml) and acetone 
(500ml) at room temperature. To this was added a solution of sodium sulphite (2.5g) and 
20 sodium sulphide (40g) in water (300ml). After stirring for 8hrs hydrochloric acid was 
added to adjust to pH 7-8 and stirring continued overnight. Sodium chloride (250g) was 
added to the suspension before isolating the product by filtration and washing with brine 
(1 litre) and drying, to give 48g of product 

25 SteD4 

Preparation of the Title Product 

The product from step 3 (47.05g) was dissolved in a mixture of water (500ml) and 
acetone (300ml) by adjusting the pH to 9-10 with lithium hydroxide solution (2M). The 

30 solution was stirred at 0-1 0°C and hydrochloric acid (20ml) added followed by the slow 
addition of sodium nitrite (3.8g). On completion of the addition stirring was continued for 
1.5hrs. Excess nitrous acid was destroyed by the addition of sulphamic acid. 
Gamma acid (13.5g) was dissolved in water (300ml) by adjusting the pH to 10 with lithium 
hydroxide (2M). After cooling the solution to O-IO'^C the diazonium salt solution from 

35 above was slowly added while maintaining the pH at 10-10.5. On completion of the 
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addition the mixture was stirred and allowed to self warm to room temperature overnight. 
The precipitated product was isolated by filtration and washed with lithium chloride 
solution (2 I. 10%w/v). After pulling dry on the filter the damp solid was dispersed in 
acetone (2 I) using a high shear mixer before isolating by filtration and washing with 
5 acetone. 

The product was dissolved in water at pH 8-9 adjusting the pH with 2 M lithium 
hydroxide and the solution heated to 30°C. Lithium chloride (150g) was slowly added 
causing the temperature to rise to 60°C. The precipitated product was isolated by 
filtration and washed with lithium chloride solution (1 I, 20%w/v) before re-dissolving in 
10 water (800ml) by adjusting the pH to 9-10 with lithium hydroxide. The resulting solution 
was dtalysed to low conductivity, filtered and the title product (17.7g) isolated by 
evaporation to dryness in an oven at TO^'C. The resultant title dye had a lambda 
maximum of 619nm and extinction coefficient of 54,900. 

15 Example 7 

Preparation of: 




OH 



20 The title product was prepared by the method of Example 1 and Example 2 except that 
the Gamma acid used in Example 1 , step 4 was replaced by : 



OH 




25 prepared by the Bucherer reaction of Gamma acid with 1 ,4-phenylenediamine-2- 
sulphonic acid. The title product had a lambda maximum of 605nm and had an extinction 
coefficient of 38,000. 

Example 8 
30 Preparation of : 
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OH 



The title product was prepared by the method of Example 1 and Example 2 
replacing the Gamma acid used in Example 1 , step 4 by 6-dimethylamino-4*hydroxy-2- 
5 naphthalenesulphonic acid. The title product gave a lambda maximum at 594nm and an 
extinction coefficient of 35.000. 

Example 9 
Preparation of: 




The title product was prepared by the method of Example 1 and Example 2 
replacing the Gamma acid used in Example 1. step 4 by 6-(4-carboxyphenyl)amino-4- 
15 hydr6xy-2-naphthaienesulphonic acid (obtained from Metropolitan Eximchem Ltd., 
Mumbai, India). The title product gave a lambda maximum at 606nm and an extinction 
coefficient of 41 ,000. 

Example 10 
20 Preparation of : 




OH 



The title product was prepared by the method of Example 1 and Example 2 
25 replacing the Gamma acid used in Example 1, step 4 by 4-hydroxy-6-methylamino-2- 
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naphthalenesulphonic acid (obtained from Metropolitan Eximchem Ltd., Mumbai, India). 
The title product gave a lambda maximum at 602nm and an extinction coefficient of 
39,000, 

Example 11-21 - Mixtures 

The dye mixtures described in Table A may be prepared in which all parts are by 
weight and are shown in brackets. CID means C.I. Direct and CIA means C.I. Acid. 
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Example 


Dye from Example 
No. 


CID Yellow 132 
CID Yellow 142 
CID Yellow 86 
CIA Yellow 23 
CIA Blue 9 

CID Black 168 
CI Food Black 2 
CID Black 19 
CID Yellow 173 
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Inks 

The inks described in Tables I and II may be prepared wherein the Dye described 
in the first column is the Dye made in the above Example of the same number. Numbers 
quoted in the second column onwards refer to the number of parts of the relevant 
ingredient and all parts are by weight. The inks may be applied to paper by thermal or 
piezo ink jet printing. 

The following abbreviations are used in Table i and II: 

PG = propylene glycol 

DEG = diethylene glycol 

NMP = N-methyl pyrollidone 

DMK = dimethylketone 

IRA = isopropanol 

MEOH = methanol 

2P = 2-pyrollidone 

MIBK = methylisobutyl ketone 

P1 2 = propane-1 .2-diol 

BDL = butane-2,3-diol 

CET= cetyl ammonium bromide 

PHO = Na2HP04 and 

TBT = tertiary butanol 

TDG = thiodiglycol 
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CLAIMS 

1. A compound of Formula (1) and salts thereof: 




5 

Formula (1 ) 

wherein: 

A is a substituted phenyl group carrying a group of the formula -NR^R^ and an 
ortho group selected from sulpho, phosphonato and phosphinato; 
10 nisOorl; 

and are each independently H, optionally substituted alkyi, optionally 
substituted cycloalkyi or optionally substituted aryl, or and together with the N 
atom to which they are attached form an optionally substituted 5- or 6- membered 
ring; 

15 R^ and R^ are each independently optionally substituted alkyI or optionally 

substituted alkoxy; and 

R^ and R^ are each independently H, optionally substituted alkyI, optionally 
substituted cycloalkyi or optionally substituted aryl, or R^ and R^ together with the 
nitrogen atom to which they are attached form an optionally substituted 5- or 6- 
20 membered ring; or 

R^ is H, optionally substituted alkyI, optionally substituted cycloalkyi or optionally 
substituted aryl and R^ is an acyl group. 

2. A compound according to claim 1 wherein n is 0; and are H; and R^ and R"* 
25 are each independently H, optionally substituted alkyI, optionally substituted cycloalkyi or 

optionally substituted aryl, or R^ and R* together with the N atom to which they are 
attached form an optionally substituted 5- or 6- membered ring. 

3. A compound according to claim 1 wherein n is 1 ; and are H; and R^ and R^ 
30 are each independently H, optionally substituted alkyI, optionally substituted cycloalkyi or 

optionally substituted aryl, or R^ and R"* together with the nitrogen atom to which they are 
attached form an optionally substituted 5- or 6-membered ring. 
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4. A compound according to claim 1 wherein n is 0; U and are H; is H, 
optionally substituted alkyi, optionally substituted cycloalkyi or optionally substituted aryl; 
and is an acyl group. 

5 5. A compound according to claim 1 wherein n is 1; and are H; R^ is H, 
optionally substituted alkyl. optionally substituted cycloalkyi or optionally substituted aryl; 
and R* is an acyl group. 

6. A compound according to any one of the preceding claims wherein at least one of 
10 R^ and R^ carries an -OH group. 

7. A compound according to any one of claims 1 to 3 or 6 wherein R^ and R^ are 
each independently selected from Ci^-alkyl, Ct^-alkyl-OH, phenyl or phenyl carrying a 
carboxy and/or sulpho group, or R^ and R^ together with the nitrogen to which they are 

15 attached form an optionally substituted morpholino or piperidino ring. 

8. A compound according to any one of claims 1, 4 or 5 wherein R^ is selected from 
Ci^-alkyl, Ci^-alkyl-OH, phenyl and phenyl carrying a carboxy and/or sulpho group. 

20 9. A compound according to any one of claims 1, 4, 5, or 8 wherein R"* is of the 
fomiula -COR^, -SOR^ or -SOzR^, wherein R® is H, optionally substituted alkyI, optionally 
substituted cycloalkyi or optionally substituted aryl. 

10. A compound according to any one of the preceding claims wherein the group of 
25 the formula -NR^R^ is in the para position with respect to the azo linkage. 

11, A compound according to any of the preceding claims wherein the ortho group on 
A is sulpho. 

30 12. A compound according to any one of the preceding claims wherein one of R^ and 
R2 is -OCi^-alkyl-OH and the other is -OCi^-alkyl or -OC^^-alkyl-OH. 

13. An ink comprising a compound according to any one of the preceding claims and 
a liquid medium or a low melting point solid medium. 

35 

14. An ink according to claim 13 which contains a further colorant selected from black, 
cyan and yellow colorants. 
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15. An ink according to claim 13 or 14 which contains less than SOOppm in total of 
divalent and trivalent metal ions. 

16. A process for forming an image on a substrate comprising applying an ink 
according to claim 13, 14 or 15 to the substrate by means of an Inkjet printer. 

17. A paper, an overhead projector slide or a textile material printed with an ink 
according to claim 13, 14 or 15 , a compound according to any one of claims 1 to 12 or by 
means of a process according to claim 16. 

18. An ink jet printer cartridge, optionally refillable, comprising a chamber and an ink, 
wherein the ink is present in the chamber and the ink is as defined in claim 13, 14 or 15. 
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